Summary
We have focused on the regulation of zein gene expression intheendosperm of different inbred lines (see storage proteins under publications) and to a smaller degree on technology development (see methods, vectors, and viruses under Publications).
Our results can be divided into four areas: a) We have been the first group to clone and characterize the so called &zein genes. b) We have developed a tissue-specific transient expression system to study zein promoters. c) We have studied post-transcriptional regulation of gene expression and proposed a new model of 3' end processing in plants. d) We have been the first group to discover genomic printing of zein genes. Technology development included a) the improvement of the M13mp and pUC vectors system for DNA sequencing and mutagenesis, b) the improvement of cDNA cloning techniques, c) the first plant cDNA cloning by complementation, and d) the development of plant viral vectors.
The delta zeins
The delta zeins have been the last class of zein genes that have been cloned Anderson Kirihara et al., 1988; Swarup et al., 1995) . We have focused on those because the inbred line BSSS53 has a high concentration of the 10-kDa 5 zein and gives rise to lysine/threonine resistance during germination, indicating a high level of protein-bound methionine. Variability in seed-methionine levels, however, not only provide an opportunity to study tissue-specific regulation of gene expression, but also to corrcxt a nutritional deficiency in animal feed, where methionine is the only essential amino acid that is supplemented (Messing and Fisher, 1993) . We were able to show that variability of seed methionine was due to the post-transcriptional regulation of the 10-kDa zein gene (Cruz-Alvarez et al., 1991; Schickler et al., 1993 ) by alleIes of a trans-acting locus dzrl (Benner et al., 1989; Chaudhuri and Messing, 1995) .
Zein promoters
The a zein genes are multigenic and even clustered in the same chromosomal location (Heidecker et al., 1991; Chaudhuri and Messing, 1995) . However, many of them are not active due to in-frame stop codons. Others like the 27-kDa zein gene, a~zein, are not multigenic and provide high level of expression. To study their promoter activity in a transient expression system requires formation of protoplasts from maize endosperm, where gene constructs can be introduced by electroporation (Ueda and Messing, 1991). As predicted from gene dosage in vivo, the 22-kDa promoters, an a zein, are weaker in the transient expression system than the 27-kDa zein promoter. Using promoter deletion experiments, a -300 element of the 27-kDa zein promoter has been characterized to be a critical enhancer region for zein gene expression . Another element in the promoter region involves the ACGT core motif that in many promoters is recognized by b-zip transcription factors. We have used the transient expression system of maize endosperm protoplasts to study the interaction of the 02 protein, which is a b-zip transcription factor, with its target genes (Ueda et al., 1992 Portions of this document may be illegible in electronic image products. Images are produced from the best available original document.
studies on rnRNA accumulation will need a better understanding of the differences between plant and animal 3' end mRNA processing. Using the same transient expression system as well as a transient expression system of nondifferentiated maize and tobacco cells, we have shown that the preferential poly-A site in the 27-kDa zein gene is AATGAA rather than AATAAA. The 3' proximal site is used, but can be substituted by a second upstream AATGAA. The GT element, found downstream of the processing site, is not required, in contrast to animal genes. On the other hand, upstream sequences and their spatial arrangement are critical for the selection of the poly-A site and efficient 3' end processing. Furthermore, these signals are not tissue-specific and are conserved between tobacco and maize cells (WU et al., 1993; ).
Allele-specific
genomic imprinting of the 10-kDa 8 zein Whereas our studies of the regulation of the 27-kDa zein gene have focused mostly on cis-acting regulatory elements, the studies of the regulation of the 10-kDa zein gene have focused on the trans-acting factor that gives rise to the high-methionine, HM, phenotype.
Most variants, defective in regulating storage protein synthesis like opaque-2 andfioury-2, have a broad effect on many genes. However, dzrl, on the short arm of chromosome 4 seems to affect only the relative expression of the 10-kDa 5 zein gene (Benner et al., 1989; Chaudhuri and Messing, 1995) . Moreover, we have identified different alleles of this regulator. One of them, dzrl +Mol 7, shows two interesting differences compared to the dzrl +BSSS53 allele that produces the highest level of 10-kDa protein (HM phenotype), perhaps by protecting the mRNA from turnover (Cruz-Alvarez et al., 199 1). The M017 allele acts like a dominant negative mutant by repressing the overexpression of the 10 kDa zein gene (Schickler et al., 1993) . The second difference is even more striking. Expression of this regulatory gene is silenced when it is transmitted through the male, but activated by passage through the female parent. If the mode of transmission is altered in the next generation, a switch occurs, indicating that the expression potential depends only on the immediate parentage. This is in contrast to dzrl+W64A, which exhibits a dosage effect in crosses with dzrI +BSSS 53. Besides the R locus in maize, dzrl is the second example of allele-specific genomic imprinting in plants (Chaudhuri and Messing, 1994 ). b. Reviews of plant gene structure:
